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(54) Bed restraint for an adsorber 

(57) An axial flow adsorber apparatus includes a 
bed of adsorbent material, a barrier in the form of an 
open-cell material combined with a distribution screen, 
graded balls, and an inflatable bladder. The open-cell 
material provides uniform retention of all adsorbent 
material. The distribution screen provides uniform flow 
and pressure distribution across the bed. The barrier 
substantially covers a top surface of the bed to prevent 
bed fluidization. Graded balls on the barrier uniformly 
distribute a'downward pressure supplied by the bladder 
above the balls. The uniform pressure is transmitted 
through the balls to the barrier to further suppress fluid- 
ization. The balls also serve to direct gas flow in the 
upper end of the vessel and reduce void volume that 
would trap product gas. The bladder maintains a uni- 
form pressure on the bed while eliminating a major por- 
tion of the void volume in the heads of the adsorber 
apparatus. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to adsorbent 
beds, and in particular relates to systems for restraining 
particulates in the adsorbent beds that are subject to 
the forces of gas or fluid flow. The particulates are 
restrained against movement resulting, for example, in 
fluidization of the adsorbent bed. More particularly, in a 
cylindrical adsorbent bed, a bladder at an end of the 
adsorbent bed applies pressure to the adsorbent pack- 
ing of the bed to restrain the packing, i.e. to keep the 
adsorbent packing from moving and becoming fluidized. 

BACKGROUND OF THE INVENTION 

[0002] In an adsorber apparatus, the flow capacity 
of adsorbent beds is limited by the flow at which the bed 
becomes fluidized. When the bed becomes fluidized the 
adsorbent begins to degrade and channeling causes 
the efficiency of the adsorption process to drop consid- 
erably. When an adsorbent bed is properly restrained 
fluidization will not occur and the capacity of the adsorp- 
tion process will thereby not be limited by this point. 
Restraining the bed therefore will permit a significant 
increase in flow capacity and thus a corresponding 
reduction in capital costs. 

[0003] Improvements in gas separation process 
performance are currently being realized as a result of 
enhanced adsorption rate. Furthermore, adsorption 
rate considerations have resulted in a number of config- 
urations calling for small particles throughout the 
adsorber as well as layers or mixtures of particles of dif- 
ferent average particle size. For example, it is known 
that using particles having a larger size can reduce flu- 
idization and minimize pressure drop. On the other 
hand, smaller particles are preferred for overcoming lim- 
itations to process performance such as, for example, 
the adsorption rate. However, fluidization is more likely 
to occur at decreasing flow velocity as the size of parti- 
cles is decreased, thereby limiting the particle size for a 
process conducted at given flow rate, i.e., particles of a 
particular size establish a fluidization limit, a maximum 
flow velocity which if exceeded requires either the 
reduction in flow velocity or the constraint of the parti- 
cles at one or both ends of the bed. Fluidization can be 
eliminated or reduced for all particle sizes in axial flow 
adsorbers if the free adsorbent surface of the bed is 
constrained. Other reasons for constraining adsorbents 
in axial flow adsorbers include elimination of scouring of 
the top of the bed due to high velocity purge or repres- 
surization flows, shop-loading of adsorber vessels and 
prevention of "bumping" or temporary lifting due to pres- 
sure disturbances from valve operations. 
[0004] Apparatus used for pressure swing adsorp- 
tion cycles generally employ cylindrical vessels adapted 
for either a radial flow or an axial flow pattern. Vessels 



adapted for an axial flow pattern are often preferred due 
to a simple construction which avoids a number of prob- 
lems or design complexities inherent with vessels 
adapted for a radial flow pattern. However, with axial 
5 flow the limitation of fluidization of the bed must be 
addressed. 

[0005] Adsorbent particles are inherently con- 
strained in most vertically oriented radial flow adsorbers 
as the flow is lateral to the vertical axis. This makes the 
w gravity vector normal to the flow velocity vector, and 
allows for relatively easy installation of an adsorbent 
restraint assembly. 

[0006] In contrast, axial flow adsorbers have the 
velocity and gravity vectors aligned, which has histori- 

75 cally made the installation of an adsorbent restraint 
assembly relatively difficult. Therefore for example in 
upflow axial flow vessels the top surface of the adsorb- 
ent bed is typically unobstructed leaving adsorbent par- 
ticles free to fiuidize under sufficient lifting conditions, 

20 e.g., a volume or a velocity of fluid sufficient to over- 
come the force of gravity acting on the particles. Fluidi- 
zation of this nature is also a concern with downflow 
axial beds, in which regeneration and desorption flows 
would subject the particles to possible fluidization. 

25 [0007] Faster cycles and smaller bed size are also 
desirable, particularly in the design of vacuum pressure 
swing adsorption (VPSA) systems. To achieve this 
design objective, teed velocities are increased. Present 
axial bed oxygen VPSA systems operate with an aver- 
se age superficial feed velocity of, for example, 0.15 - 0.3 
m/sec for a bed size of 600 - 800 pounds of adsorbent 
per ton per day of oxygen. This feed rate and the corre- 
sponding bed design results in operation of the system 
at near fluidization levels. In fact, overlapping counter- 

35 current equalization flow steps have been incorporated 
into the process at the beginning of the feed step to help 
restrain the adsorbent under the high initial feed flow. 
[0008] As a result of operation at levels close to flu- 
idization, some commercial beds have experienced bed 

40 fluidization due to valve failure or poorly chosen cycle 
tuning parameters. This fluidization disturbs the uniform 
dense packing of large sections of the adsorber bed, 
resulting in subsequent gas flow maldistribution and 
associated poor process performance. Thus, a simple, 

45 effective restraint system for the top surface of a partic- 
ulate adsorbent bed in an adsorber having an axial flow 
pattern would be desirable to improve adsorption rates. 
[0009] In addition to particle restraint within an 
adsorber vessel chamber, it is also desirable to provide 

so for uniform flow through the adsorber bed, to eliminate 
unnecessary void volume and to provide full access to 
the interior of the vessel. Uniform flow through the 
adsorber bed ensures that the gas or liquid material 
being treated is uniformly exposed to the adsorbent par- 
55 tides. Eliminating unnecessary void volume reduces 
the loss of processed product or unprocessed feed that 
is trapped in the apparatus after the adsorption process 
is complete. Full access to the interior of the vessel per- 
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mits the apparatus to be maintained, and permits the 
sieve material to be maintained, loaded or changed. 

DESCRIPTION OF THE PRIOR ART 

[0010] A number of approaches to solve or circum- 
vent the adsorbent bed fluidization problem have been 
used or proposed. Flow direction, special packings, and 
restraints of various designs are among the prior art 
solutions to this problem. Related prior art includes the 
following patents. 

[0011] In U.S. Patent 5,492,684, Buchanan et at. 
describe a method and system for the removal of con- 
taminants such as sulfur oxides from waste gases using 
a graded-bed system. The graded-bed system uses 
beds with solids sorbents of two or more particle sizes 
in separate sections of the bed. In one embodiment the 
solid sorbents are arranged so the larger sorbent parti- 
cles are disposed in the entrance region of the graded- 
bed system. In operation, a waste gas stream is passed 
over and through the solid sorbents so that contami- 
nants, such as sulfur oxides and/or nitrogen oxides are 
adsorbed. The sorbent bed is then contacted with a 
reducing gas to desorb the sulfur oxides. The use of 
expandable means applied to the bed to insure the' sta- 
bility of the bed is not disclosed. 

[0012] U.S. Patent 4,337,153 to Prior discloses an 
improved resin tank for a water softening apparatus 
including an expandable chamber that enlarges during 
fluid flow through the tank to displace any free space in 
.the tank, thereby maintaining the compactness of the 
water softening material. The expandable chamber is 
formed by an elastomeric sleeve that is secured to and 
surrounds a portion of a downward extending fluid con- 
duit and overlies at least one aperture formed in the 
conduit wall through which fluid communication is 
established. The pressure drop normally occurring dur- 
ing fluid flow through the tank generates a pressure dif- 
ferential on the sleeve wall that causes it to enlarge if 
there is free space in the tube. In an alternate embodi- 
ment, the fluid communication between the conduit and 
the chamber is provided by a pitot tube that is disposed 
in the conduit fluid flow path and is operative to commu- 
nicate the velocity pressure of the fluid flowing down the 
conduit to the chamber. _ 
[0013] A bed of particulate ion-exchange material, 
in U.S. Patent 4,294,699 by Hermann, is confined in the 
cavity of a container bound by a wail portion of the con- 
tainer which is movable inward of the cavity. Supply and 
discharge conduits communicate with respective por- 
tions of the cavity for supplying the liquid to be purified, 
and for discharging from the cavity the liquid purified by 
contact with the particulate material. A biasing device 
engages the container outside the cavity and biases the 
movable wall portion inward of the cavity, whereby the 
particulate material is kept under compressive stress, 
and channeling due to shrinkage of the bed is avoided. 
[0014] A process for continuous countercurrent 
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contact with a magnetically stabilized fluidized bed is 
described by Co'ulaloglou and Siegell in U.S. Patent 
4,247,987. The patent relates to the operation of a mag- 
netically stabilized bed with continuous solid addition 
5 and removal. The bed particles, which include a mag- 
netizable component, are stabilized against gas by- 
passing and solid back-mixing (except possibly for the 
time flow or movement of the solids near the entrance or 
exit ports or near fluid injection zones) during counter- 
to current contacting by the use of an applied magnetic 
field. This is particularly suited for carrying out separa- 
tion processes. The use of applied magnetic fields in 
such processes enables one to use small size fluidiza- 
ble adsorbent particles without encountering high pres- 
75 sure drops. The small adsorbent particles having a 
magnetic component give faster transfer of the sorbed 
species from the contacting fluid than with larger 
adsorbent particles which allows for a closer approach 
to equilibrium. 

20 [0015] An extensible sleeve surrounding a central 
tubular member to prevent fluidization in an adsorbent 
bed is disclosed in U.S. Patent 4,997,465 to Stanford. A 
fluid amplifier amplifies the fluid pressure from the sys- 
tem gases to expand the extensible sleeve. Particles of 

25 the zeolite adsorbent are inhibited from becoming fluid- 
ized and moving with fluid flows by the clamping pres- 
sure between the extensible sleeve and the outside wall 
of the containing vessel. 

[0016] U.S. Patent 5,176,721, to Hay et al. dis- 

30 closes an adsorber apparatus with a vertical cylinder in 
which particulate adsorbers are arranged in vertically 
oriented layers between two vertically oriented perfo- 
rated parallel panels extending within a vessel and 
spaced from one another to define an adsorbent mass 

35 chamber. The adsorbent is arranged in two vertical lay- 
ers, a first part of fine particles and a second layer of 
-larger particles. The gas to be treated is circulated hori- 
zontally from one perforated panel to the other perfo- 
rated panel through the adsorbent layers. A flexible 

40 membrane at one end of the wall defines a separate 
end chamber sealed from the adsorber chamber. A 
small pipe supplies pressure or vacuum to the end- 
chamber. The particles in the adsorber chamber are 
restrained between the vertical panels in a relatively 

45 fixed position under the effect of compression by the 
membrane or diaphragm when pressure is maintained 
in the end chamber at least equal to the highest pres- 
sure in the adsorption chamber in an adsorption cycle. 
[0017] It is among the objects of this invention to 

so provide uniform restraint of adsorbent particles in an 
axial flow adsorbent bed thereby preventing movement 
and subsequent degradation of the particles while 
maintaining high process efficiency. 
[001 8] It is another object of the invention to reduce 

55 the void volume of an adsorber vessel thereby improv- 
ing the adsorption cycle efficiency by reducing the vol- 
ume of product quality gas remaining in the adsorber 
vessel after the adsorption step is complete. 
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SUMMARY OF THE INVENTION 

[0019] In accordance with the present invention, an 
adsorber apparatus is provided, comprising a vessel 
having a peripheral wall and first and second end walls 
defining a chamber, the peripheral wall defining a cross- 
section of the chamber and the chamber having an inlet 
end adjacent the first end wall and an outlet end adja- 
cent the second end wall, and defining a longitudinal 
axis extending from the inlet end to the outlet end of the 
wall. The apparatus has an inlet port in fluid communi- 
cation with its inlet end for supplying a fluid mixture to 
the vessel, and an outlet port in fluid communication 
with the outlet end for evacuating a separated gas out of 
the vessel. 

[0020] A quantity of particulate adsorbent (either 
bead, extrudate or granular) is charged to and fills a 
substantial portion of the chamber between the inlet 
end and the outlet end of the adsorber vessel, a surface 
of the quantity of particulate adsorbent corresponding 
dimensionally to the chamber cross-section and facing 
its outlet end, the surface being formed of a plurality of 
individual particles each having a minimum dimension. 
A porous barrier substantially covers the surface, the 
barrier being movable with the surface along the longitu- 
dinal axis of the chamber, and the barrier being adapted 
to restrain the individual particles from entering the out- 
let end and adapted to permit the separated gas prod- 
uct to enter the outlet end of the chamber. 
[0021] A plurality of balls (or similar objects) of 
graded sizes is further provided in the outlet end posi- 
tioned between the barrier and the second end wail. 
Finally, a bladder is positioned between the plurality of 
balls and the second end wall, the bladder being 
adapted to be pressurized to bias the barrier against the 
surface such that the quantity of particulate adsorbent is 
held with a compressive force sufficient to prevent fluid- 
ization of the adsorbent. 

[0022] Employing the adsorber of the invention, the 
void volume of the adsorber vessel is reduced thereby 
improving the adsorption cycle efficiency. The installa- 
tion of the restraint bladder above the adsorbent bed in 
a manner that eliminates unnecessary void under the 
top head, and the use of the graded balls directly above 
the adsorbent bed minimizes the top void in the axial 
bed vessel. The unwanted void reduces process effi- 
ciency by storing product quality gas in the adsorber 
after the adsorption step is complete which escapes as 
inefficient reflux gas during the evacuation step. 
[0023] The invention provides for uniform gas flow 
through the adsorbent bed. The design of the hold down 
bladder under the top head is such that the necessary 
hold down force is exerted on the adsorbent while the 
shape is such that uniform gas flow is maintained 
through the head space and, subsequently, the adsorb- 
ent bed. The grading of the balls under the bladder is 
such that pressure gradients are designed to produce 
uniform gas flow through the adsorbent bed. 



[0024] This design of the bladder allows for full 
access to the vessel to load or change sieve material. 
Proper loading of the adsorbent material is necessary in 
order to maintain uniform pressure drop and therefore 

5 uniform flow through the adsorbent bed. In order to 
achieve this loading characteristic, the top head space 
must be accessible during the loading period utilizing a 
particle loader such as described in U.S. Patent 
5,324,159 to Nowobilski et al. This bladder system and 

10 graded ball system provides for this accessibility. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Other features and additional objects and 
15 advantages of the invention will readily be appreciated 
by reference to the following detailed description of pre- 
ferred embodiments when considered in conjunction 
with the accompanying drawings in which: 

20 FIG. 1 shows a cross-sectional view of an adsorber 

apparatus of the invention in elevation; 
FIG. 2 is a partial cross-sectional view of the outlet 
end of the apparatus with an un-inflated bladder 
installed; 

25 FIG. 3 is a partial cross -sectional view of the outlet 

end of FIG. 2 with the bladder shown in an inflated 
state; 

FIG. 4 is a partial cross-sectional view of the seal 
between the peripheral wall of the vessel and the 

30 edge of the porous barrier. 

FIG. 5 is a side cross-sectional view of an adsorber 
apparatus of the invention showing a retainer ring 
biased by a spider assembly; 
FIG. 6 is a top plan view of the spider assembly; 

35 FIG. 7 is a side cross-sectional view of an adsorber 

apparatus showing a retainer ring biased by a rep- 
resentative spring means; 

FIG. 8 is a top cross-sectional view of an adsorber 
apparatus with a retainer ring provided with attach - 

40 ing means in the form or retention feet and flanges; 

FIG. 9 is a side cross-sectional view taken along 

- r line 9-9 in FIG 8, 

DETAILED DESCRIPTION 

45 

[0026] Referring now to FIG. 1, an axial flow 
adsorber apparatus is shown generally at 2 having a 
vertically oriented chamber 4 defined by a peripheral 
wall 6 and top and bottom end walls 8, 10, respectively. 

so The peripheral wall 6 defines a cross-section of the 
chamber 4. The peripheral wall 6 and end walls 8 and 
10 are made of known materials, such as, for example, 
metal, glass reinforced polyester or other, resin, etc., 
and by known methods. The chamber 4 has an inlet end 

55 12 adjacent to the bottom end wall 1 0 and an outlet end 
14 adjacent to the top end wall 8. A longitudinal axis 16 
extends from the inlet end 12 to the outlet end 14. An 
inlet port 18 is provided in the bottom end wall 10. The 
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inlet port 18 is in fluid communication with the inlet end 
12 to permit supply of a fluid mixture to be provided to 
the inlet end 12 of the chamber 4. 

[0027] The fluid mixture is a liquid or gas requiring 
separation, purification or alteration by exposure to an 
adsorbent. The fluid mixture flows from the inlet port 1 8 
into an adsorbent bed 22 in the chamber 4. The fluid 
flows in the direction indicated by arrow 32. As the fluid 
flows through the adsorbent bed 22, components of the 
fluid are adsorbed by the adsorbent, and the mixed fluid 
is converted into a separated fluid product which flows 
into the outlet end 14 of the chamber. An outlet port 20 
is provided in the top end wall 8 such that it is in fluid 
communication with the outlet end 1 4 to permit evacua- 
tion of the separated fluid product from the chamber 4. 
The separated fluid product is a liquid or gas that has 
been treated by exposing it to the adsorbent bed 22 in 
the chamber 4. 

[0028] The quantity of particulate adsorbent in bed 
22 fills a substantial portion of the chamber 4 between 
said inlet end 12 and said outlet end 14. The particulate 
adsorbent in bed 22 may be provided in one or more 
layers 24, 26, each having different physical or chemical 
properties, such as, for example, coarseness, adsorb- 
ent capacity, etc. The particulate adsorbent is sup- 
ported at the inlet end 12 on a first support 42 which is 
sufficiently porous to permit the passage of mixed fluid 
from the inlet end 12 into the particulate adsorbent in 
bed 22, but prevents the particulate adsorbent from 
entering the inlet end 1 2. 

[0029] A plurality of ceramic balls 46 in the inlet end 
1 2 are supported immediately below the first support 42 
on a second support 44, which is also porous. The balls 
44 facilitate the distribution of mixed fluid to the particu- 
late adsorbent through voids and channels created 
between the balls. The balls 46 may also provide addi- 
tional support for the first support. The first and second 
support are preferably perforated sheet material cov- 
ered with metal screens. The first and second supports 
should be selected to have sufficient strength to provide 
support for the particulate adsorbent and other compo- 
nents of the structure above the inlet end 12. 
[0030] An upper surface 28 of the particulate 
adsorbent bed 22 conforms dimensionally to the cross- 
section of the chamber 4. The surface 28 faces the out- 
let end of the chamber. The surface 28 is preferably 
comprised of particles selected such that no particle is 
smaller than a minimum dimension. 
[0031] The restraint on the particulate adsorbent 
bed comprises a porous barrier 30 adapted to substan- 
tially cover the top surface 28 of the quantity of particu- 
late adsorbent in bed 22 to prevent the loss of 
particulate adsorbent into the output end 14. The 
porous barrier 30 is further adapted to permit the sepa- 
rated fluid product to permeate from the particulate 
adsorbent and enter the outlet end 14. Preferably, the 
barrier 30 is movable with the top surface 28 along the 
longitudinal axis 16. The porous barrier may be a fabric 



screen, a fibrous mat, or an open cellular material of 
known composition and construction so long as it is 
capable of preventing the particles of the top surface 28 
from entering the outlet end 14 of the chamber 4. 

5 [0032] In the preferred embodiment of the invention 
shown in Figs. 3 and 4, the barrier 30 comprises a first 
layer 31 , a fabric screen or perforated sheet metal, over 
a second layer 72 of a fibrous mat or open cell material. 
The materials and/or construction of the barrier 30, par- 

io ticularly the layer 72, are selected to have apertures 
smaller than the minimum dimension of the particles 
making up the top surface 28 of the adsorbent bed 22. 
The materials and construction of the porous barrier 30 
are further selected to optimize the passage of the sep- 

15 arated fluid product from the adsorbent bed 22 to the 
outlet end 14. To this end, the fabric screen or perfo- 
rated sheet 31 is selected to facilitate the flow of fluid 
(i.e., gas or liquid) to the outlet end 8. Alternatively, the 
barrier may comprise one or more layers of a fabric 

20 screen (woven or laminated), a perforated sheet web 
made from, for example, metal, nylon, fiberglass, or 
other resin, etc., a fibrous resin mat, or an open cellular 
material such as an elastomer, or any combination of 
the above. For example, the porous barrier 30 may com- 

25 prise a laminate combining a metal screen, in the form 
of either a woven fabric or perforated sheet, and a 
fibrous mat or open cellular material layer. It will be 
readily understood that appropriate single material bar- 
riers, or layered combinations of materials may be 

30 selected to optimize the passage of separated fluid 
' product while minimizing the loss of adsorbent into the 
output end 14. 

[0033] A plurality of balls 36 are positioned on top of 
the barrier, preferably in several layers 34, 38, 40. The 

35 layers. of balls 36 serve several purposes. First, the balls 
36 facilitate the passage of the separated fluid product 
from the barrier 30 through spaces between the balls 36 
to the outlet port 20. Second, the balls 36 occupy void 
space in the outlet end, i.e., space that would normally 

40 be occupied by separated fluid product which would not 
be recoverable from the void space. Thus, the balls 
increase the volume of separated fluid product recover- 
able from each adsorption cycle. Finally, by their weight, 
the balls serve as a means for biasing the porous barrier 

45 30 towards the top surface 28 of the adsorbent bed 22. 
The preferred arrangement of balls includes a first layer 
34 of one inch ceramic balls immediately on top of the 
porous barrier 30. A second layer 38 of two inch ceramic 
balls is positioned between the layer 34 of one inch 

so ceramic balls and a portion of the top end wall 8 of the 
vessel 2. A third layer 40 of two inch steel balls is placed 
on top of the two inch ceramic balls in the vicinity of the 
output port 20 to add substantial weight to bias the 
porous barrier toward the surface 28 of the particulate 

55 adsorbent bed 22. 

[0034] As noted in the foregoing paragraph, the 
weight of the balls 36 positioned oh top of the porous 
barrier 30 acts to bias the barrier toward the particulate 
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adsorbent in bed 22. If the porous barrier 30 is biased 
toward the particulate adsorbent with sufficient force, 
the particulate adsorbent in the bed will be prevented 
from fluidizing at high flow rates. For higher flow rates, 
the weight of the balls 36 on the barrier 30 may not pro- 
vide enough downward force on the barrier 30 to pre- 
vent fluidizing of the particulate adsorbent. Accordingly, 
at higher flow rates, a means is provided to yield suffi- 
cient downward pressure on the barrier 30 to prevent 
fluidization of the particulate adsorbent. 

[0035] A downward force sufficient to prevent fluidi- 
zation of the particulate adsorbent may be provided by 
an inelastic structure fastened to the peripheral wall or 
extending between the top end wall 8 and the barrier 30, 
such as, for example, one or more rigid members, a 
rigid frame or a plurality of rings or washers that hold the 
barrier 30 down on the surface 28 at a fixed position rel- 
ative to the longitudinal axis of the apparatus. The ine- 
lastic structure can be positioned on the barrier during 
the loading of the apparatus from the top, and secured 
when the top end wall 8 is fastened to the peripheral 
wall 6. Alternatively, the inelastic structure can be 
installed through the outlet port, and forced into a posi- 
tion between the top end wall 8 and the barrier 30 such 
that it bears against the barrier with sufficient force to 
prevent fluidization of the bed. 

[0036] Preferably, to impart sufficient force to the 
barrier 30 to prevent fluidization of the bed, an elastic 
structure, such as, for example, a spring or an elastic 
member, bears against the barrier 30 directly, or bears 
against the balls 36 supported on the barrier 30. The 
preferred elastic structure is an inflatable bladder 50 
(FIGS. 2 and 3) which is positioned between the balls 
36 and the top end wall 8, and which bears on the bar- 
rier 30 through the balls from the outlet end to the outlet 
port. A tube or cylinder 56 extends from the outlet port 
20. The bladder 50 is ring shaped to provide access into 
the outlet end 14 through the center of the ring shaped 
bladder 50. In FIG. 2, the bladder 50 is shown in a 
deflated state. In FIG. 3 the bladder 50 is shown in an 
inflated state. The bladder 50 is provided with a valve 52 
adapted to be connected to a source of- pressurized gas 
or liquid. The deflated state is preferred to facilitate 
installation in the apparatus, and after installation, to 
facilitate loading and maintenance of the particulate 
adsorbent bed 22 and balls 36. The bladder 50 can also 
be selectively inflated to a desired pressure to bias the 
barrier 30 against the surface 28 such that the particu- 
late adsorbent bed 22 is held with a predetermined 
compressive force and is thereby prevented from fluidi- 
zation. 

[0037] By directing the bias of the bladder 50 
through the balls 36 to the barrier 30, a force is exerted 
upon the adsorbent bed 22 along the longitudinal axis, 
i.e., along the same axis as the fluid flow path through 
the axial flow adsorber apparatus. While the balls 36 
transmit the bias force of the bladder 50 substantially* 
uniformly to the barrier 30, the voids and channels 



between the balls 36 provide more than sufficient space 
for the separated fluid product exiting the bed of adsorb- 
ent 22 to flow to the outlet port. The balls and the blad- 
der occupy a significant amount of void volume in the 

5 outlet end that would otherwise trap a quantity of sepa- 
rated fluid product that is generally considered to be dif- 
ficult to recover. The combination of the ring shaped 
bladder, the balls and the porous barrier provide an 
axial flow adsorber apparatus bed restraining system 

•to that is simple to assemble, and that produces more effi- 
cient results. 

[0038] In a preferred embodiment, the barrier 30 is 
an open-celled material that is placed at the top of the 
bed of adsorbent particles 22, allowing the gas to pass 

15 through at the product end. A distribution baffle, made 
of screen material or perforated plate, is placed above 
the open-cell material to help direct the gas stream. 
Ceramic balls are then installed over the screen mate- 
rial. The balls are graded according to size, and are 

20 selected and arranged to direct fluid flow in a uniform 
manner across the bed cross section. The pattern and 
hole size of the barrier, i.e., the screen material, fibrous 
mat or open cell material, is similarly chosen to direct 
fluid flow uniformly across the bed of adsorbent. The 

25 ball grading and screen selection also provides the 
required pressure drop gradient which allows the fluid 
(preferably gas) to exit through the outlet port. 
[0039] The tube 56 is inserted through the top end 
wall and is held in place by the bladder 50 and the outlet 

30 port 20. A secondary baffle 58 wider than the outlet port 
20 "floats" in the balls 36 directly below the outlet port 
20. The secondary baffle prevents the balls from escap- 
ing through the outlet port. The large force necessary to 
hold down the open-cell material, and hence the 

35 adsorbent bed, is supplied by the inner tube-like, ring 
shaped bladder described above. The bladder compen- 
sates for expansion or contraction of the bed of adsorb- 
ent at a relatively constant and uniform hold down 
pressure. Therefore, variations in adsorbent height or 

40 settling during operation can be tolerated, although the 
restraint system of the system is designed to minimize 

' * such motion of the bed. 

[0040] The openings in the barrier 30, i.e., in the 
fabric screen, perforated plate, fibrous mat or open-ceil 

45 material, must also be chosen carefully to have dimen- 
sions small enough to retain the smallest particles of 
adsorbent while avoiding plugging or significant reduc- 
tion in open flow area, a condition that would lead to 
severe increases in pressure drop. 

so [0041] In a preferred embodiment, the apparatus 
includes a bed of adsorbent material 22, a barrier 30 in 
the form of an open-cell material combined with a distri- 
bution screen or baffle (fabric or perforated sheet), 
graded balls 36, and a flexible bladder 50. The bed of 

55 adsorbent material, of course, is the active adsorbent 
required in the separation process. The barrier com- 
bines the open-cell material, which provides uniform 
retention of all adsorbent material, with the distribution 
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screen, which provides uniform flow and pressure distri- 
bution across the bed. The graded balls supply uniform 
bed support while reducing void volume and acting to 
direct gas flow in the upper end of the vessel. The flexi- 
ble bladder maintains a uniform pressure on the bed 
while also eliminating a major portion of the void volume 
in the head of the cylindrical vessel. 

[0042] Each particle on the top surface of the partic- 
ulate adsorbent bed must be held in place to prevent 
particle attrition and long term bed degradation. To best 
accomplish this the barrier 30 is a flexible porous mat 
placed on top of the densely loaded bed of adsorbent, 
e.g., a sieve bed. The mat may be a fibrous material or 
an open cell foam with high flow permeability. The 
important characteristic is that the openings in the mat 
are smaller than the individual particles of the adsorbent 
bed, i.e., generally the largest dimension of mat opening 
is less than .7 mm. The mat is dimensioned slightly 
larger than the cross section of the chamber so that the 
edges will be compressed against the peripheral wall of 
the chamber, thus ensuring a suitable seal at the edge 
of the mat. The overall mat thickness is selected to be 
small so that its added pressure drop is minimal. The 
mat is then covered with dense (steel or ceramic) 
graded balls. The smaller balls result in uniform com- 
pression of the mat which then uniformly , loads each 
adsorbent bead on the top of the bed. 
[0043] Uniform flow distribution at a minimum pres- 
sure drop is achieved through control of the size and 
placement of the balls and through the location of the - 
inlet baffle, which is either solid or perforated. The baffle 
is designed to be loaded by the top bladder. Pressure 
exerted by the top bladder is applied to the balls which 
in turn hold the baffle in place, therefore uniform hold- 
down pressure is applied to the entire bed cross section 
including the area of the bed directly under the baffle. 
Additionally, the bottom of the baffle can be covered 
with a dense mat to insure uniform loading of the top 
layer of the balls directly under the baffle. . 
[0044] The bladder can also be used to reduce the 
top head void volume by selectively removing some of 
t the graded balls at the middle radii of the head and 
allowing the bladder to fill that void. The components 
are carefully selected and arranged to reduce volume 
without hindering flow distribution since being overly 
aggressive in void volume reduction will result in chan- 
neling and increased pressure drop. 
[0045] In an alternative embodiment of the appara- 
tus, the barrier 30 could be fixedly mounted to the 
peripheral wall of the chamber, and the first support 42 
could be movable relative to the longitudinal axis. A 
bladder installed beneath the balls 46 would be inflated 
to force the bed of adsorbent 22 against the barrier 30. 
However, this arrangement does not facilitate loading 
and maintenance of the apparatus. 
[0046] Alternatively, the invention may be applied in 
a process utilizing a feed flow in the downward direction, 
i.e., the flow is opposite to that indicated in Figure 1. In 



such an application, the advantages of this invention 
would now favor the desorption or regeneration 
phase(s) of the cycle. Often the low pressure conditions 
during desorption result in very high flow velocities, a 

5 condition that dictates downflow in this phase of the 
cycle for unrestrained beds. Therefore, this invention 
provides the flexibility of introducing feed flow from 
either the top or the bottom of the adsorber 
[0047] In any case, a ring-shaped bladder may be 

io provided in the inlet end of the chamber to occupy void 
space in the inlet end. A similar open-cell material could 
be used in conjunction with the bladder to assist in pro- 
viding uniform distribution of the fluid to the adsorbent 
bed. By including this system in the bottom head of the 

75 vessel, the void volume of the vessel is likewise 
reduced. 

[0048] The cost of this simple system is relatively 
low and the installation procedures are relatively simple. 
[0049] The invention is well suited for retrofit into 

20 existing axial bed apparatus. For example, an existing 
apparatus with a barrier in the form of a metal screen 
can be fitted with a barrier, a pile of balls, and a bladder, 
in the outlet end. The bladder provides the uniform hold 
down force on the barrier. The bladder is affixed to the 

25 underside of the top end wall and inflated after the con- 
ventional loading of adsorbent is complete. Thus, no 
additional loading complications are encountered. 
[0050] Figure 4 shows one possible sliding seal 60 
assembly which could be used along a peripheral edge 

30 of the barrier where it meets the peripheral wall of the 
chamber. The screen assembly is fixed to a rigid back- 
ing plate 62 of the sliding seal at the bed surface inter- 
face preventing leakage of adsorbent material at this 
intersection. A soft material or foam material is attached 

35 to the sliding seal plate which is in direct contact with the 
inside diameter of the vessel wall. This contact prevents 
blow-by at the junction of the seal assembly and the 
vessel wall. Typical design of the sliding seal assembly 
will contact the wall for a distance of .1-10 cm. Other 

40 variations of this seal may be employed within the con- 
cept of this invention. This region is a location where 
local fluidization is of major concern. Fluidization in this 
region results in blow-by of adsorbent into the top 
graded ball section of the vessel. 

45 [0051] A further improvement, inherent in the above 
designs, is that the excessive* void space at the top of 
the vessel above the adsorbent bed is substantially 
eliminated or minimized by the incorporation of the balls 
and the pneumatic bladder in the void space that would 

so normally trap separated fluid product. Eliminating the 
excess void space above the bed forces more sepa- 
rated fluid product to flow out through the outlet port, 
thus raising the overall efficiency of the apparatus. It 
should be emphasized that the reduction in end space 

55 by use of the flexible bladder is well suited to retrofit as 
well as in new designs, and may be employed addition- 
ally for the reduction of end space at the bottom of the 
vessel as well. 
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[0052] The bladder and ball support must be pro- 
vided to the apparatus such that uniform flow to and 
from the bed is maintained with a minimum pressure 
drop. Uniform flow distribution to and from the bed at 
minimum pressure drop is achieved through selection of 
the size and placement of the balls above the adsorb- 
ent; the location and design of the inlet baffle; and 
through the shape and size of the inflated bladder. In 
practice 100% of the volume above the barrier 30 is 
occupied by either the bladder 50 or the balls 36, 
thereby reducing void volume in this area to that of the 
void space contained between the packed balls. The 
bladder 50 preferably occupies 10-70% of the volume 
above the bed, i.e., "the top head". The graded balls 
preferably occupy the remaining volume within the top 
head. The ball sizes are selected to have diameters in 
the range of 1/8" - 1 V£" at the surface of the adsorbent 
bed, and in the range of !*£ H - 3" at the outlet port of the 
adsorber. Atypical design pressure drop for this assem- 
bly is between .05 to 50% of the total bed pressure drop. 
The use of the bladder and ball assembly typically 
reduces the void space above the adsorbent by as 
much as 30-80%. 

[0053] The secondary baffle 58 is designed to be 
loaded by the top bladder. This holds the baffle in place 
and also loads the balls under the baffle. The bottom of 
the secondary baffle can be covered with a dense mat 
to provide more uniform loading of the balls directly 
under the baffle. 

[0054] Occlusion of end space volume can be 
accomplished in several ways. 

(1) The flexible bladder described above can be 
inserted into the end space and then inflated to 
occlude volume in the end space. Additionally the 
bladder device can be cyclically inflated and 
deflated during the process to act as a pump forcing 
end space gas through the bed or out of the vessel. 

(2) A rigid frame may be constructed inside the end 
space using tubular, wire or plastic members which 
can be covered with structural fabric or membrane 
(not shown) that is impervious to gas. The frame 
defines, and the fabric confines the volume to be 
occluded; flow distribution is maintained within the 
assembly in a manner similar to that described uti- 
lizing the balls and baffles. Additional structural 
rigidity and the elimination of gas from the occluded 
volume can be achieved by using a formed-in-place 
material. 

(3) Smaller hollow structures can be substituted for 
the solid ceramic balls. The shells of the hollow 
shapes can be made from polymeric, metallic or 
fabric material. The major advantages of this 
method include: the ease of retrofit; allowance for 
the use of light weight flexible materials; ease of 
construction; potential to custom form complex 
geometry to control flow distribution; use in both the 
top and bottom end spaces. 



[0055] The preferred orientation of this invention is 
in that of an axial flow adsorber as described in Figure 
1. The adsorbent restraint assembly of this invention 
can be employed in horizontal flow adsorber vessels. 
5 The adsorbent bed is now contained within a horizon- 
tally oriented cylindrical container closed at either end. 
The flow into and out of the adsorber vessel is through 
nozzles located on the top and bottom of this cylindrical 
■ container. 

io [0056] The preferred orientation of this invention is 
that of the vertical axis axial flow adsorber. The restraint 
as described by this invention would also allow for the 
vessel of Figure 1 to be tipped on its side 90 degrees 
from the vertical. 

75 [0057] A rigid retention system consisting of a rigid 
split retention ring 101 (Figs.5-9) located around the 
periphery of the vessel and holding down a flexible open 
screen or perforated plate 30 may also be incorporated 
.in the apparatus. Such a ring may be split into two or 

20 more sections 103, 105 (Figs. 8-9) so that it can be 
inserted into the vessel after it has been loaded with 
adsorbent. The ring sections 103, 105 are joined at 
flanges 1 07, 1 08 and are secured at the periphery of the 
vessel by retention plates 109 attached permanently to 

25 the inside of vessel wall 6 or 8 and bearing directly 
against the ring surface, the ring assembly thus impart- 
ing rigidity to the flexible screen. Such rigid retention 
ring can also be designed as a distribution baffle. 
Optionally, a compressible member 1 15 (Fig. 7) may be 

30 inserted between the ring sections and the retention 
plates 109 to facilitate assembly and operation. 
[0058] The openings in the screen or perforated 
plate are chosen carefully to retain the smallest parti- 
cles while preventing plugging or significant reduction in 

35 open area - a condition which would lead to severe 
increases in pressure drop. 

[0059] A rigid frame-like retainer assembly 150 
(Figs. 5-6) may be substituted for the bladder or may be 
provided in combination with the bladder to provide 

40 additional hold-down force for the retention assembly. 
Such a spider-like retainer 150 may be inserted and 
assembled inside the vessel after loading of the adsorb- 
ent. An active spring-loaded retainer 115 (Fig. 7) (e.g. 
leaf spring, or Belleville washers) may be similarly uti- 

45 lized. Alternatively, the biasing means may comprise a 
simple passive hold-down consisting of inert ceramic 
balls or similar material (Fig. 1). In this latter case, the 
upper end space voids are reduced as an added benefit 
to process performance. All of these additional 

so restraints must be added subsequent to loading of the 
adsorbent since current loading methods require unob- 
structed space inside the top of the vessel. 
[0060] The apparatus and method of the present 
invention can be used in a number of fluid separation 

55 applications. 

Since the foregoing and other changes may be made in 
the preferred embodiments of the invention described 
hereinabove, it should be understood that the foregoing 
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disclosure is intended to cover changes and modifica- 
tions which do not constitute departures from the spirit 
and scope of the invention, as set forth in the appended 
claims. 

5 

Claims 

1 . An adsorber apparatus comprising: 

a chamber defined by a peripheral wall and 10 
feed and distal end walls, said peripheral wall 
defining a cross-section of said chamber, the 
chamber having an outlet end adjacent to one 
of said feed and distal end walls and having an 
. inlet end adjacent the other of said feed and 15 
distal end walls, and an axis extending from the 
inlet end to the outlet end; 
an inlet port in fluid communication with said 
inlet end for supplying a fluid mixture to said 
chamber and for removing a gas from said 20 
chamber; 

an outlet port in fluid communication with said 
outlet end through which a separated fluid 
product flows out of the chamber; 
a particulate bed substantially filling a portion 25 
of the chamber between said inlet end and said 
outlet end, a surface of said bed facing said 
outlet end and formed from a plurality of parti- 
cles each having a minimum dimension, said 
surface corresponding dimensionally to said 30 
cross-section; 

a porous barrier on said surface, said porous 
barrier adapted to restrain said particles having 
said minimum dimension from entering said 
outlet end and adapted to permit the separated 35 
fluid product to enter said outlet end, wherein at 
least one of said porous barrier and said bed is 
movable along said axis toward the other of 
said porous barrier and said bed; and 
means for biasing one of said porous barrier 40 
and said bed toward the other of said porous- 
barrier ancl said bed such that said bed is 
restrained from fluidization. 

2. The adsorber apparatus of claim 1, further includ- 45 
ing distribution means between said porous barrier 
and said outlet port adapted to permit the sepa- 
rated gas to flow from the porous means to the out- 
let port. 

50 

3. The adsorber apparatus of claim 1 wherein said 
porous barrier has a plurality of apertures each 
having a dimension smaller than said minimum 
dimension of said particles. 

55 

4. The adsorber apparatus of claim 1 wherein said 
means for biasing is an inflatable bladder or a 
spring. 
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5. A bed restraint for an adsorber apparatus having a 
chamber defined by a peripheral wall and feed and 
distal end walls, the peripheral wall defining a 
cross-section of said chamber, the chamber having 
an inlet end adjacent one of said end walls and an 
outlet end adjacent the other of said end walls, an 
axis extending from the inlet end to the outlet end, 
an inlet port in fluid communication with said inlet 
end for supplying a fluid mixture to said chamber, 
an outlet port in fluid communication with said outlet 
end for evacuating a separated gas out of said 
chamber, a particulate bed filling a substantial por- 
tion of the chamber between said inlet end and said 
outlet end, a surface of said adsorbent bed corre- 
sponding dimensionally to said cross-section and 
facing said outlet end, said surface formed of a plu- 
rality of individual particles each having a minimum 
dimension, the restraint comprising: 

a porous barrier adapted to substantially cover 
said surface, said barrier movable with said 
surface along said axis, said barrier adapted to 
restrain said individual particles from entering 
said outlet end and adapted to permit the sep- 
arated gas product to enter said outlet end; 
means for biasing said porous barrier toward 
said bed such that said particles are restrained 
from fluidization; 

distribution means between said porous barrier 
and said outlet port adapted to permit the sep- 
arated gas to flow from the porous barrier to the 
outlet port. 

6. The bed restraint of claim 5, wherein said porous 
barrier has a plurality of apertures each having a 
dimension smaller than said minimum dimension of 
said particles. 

7. The bed restraint of claim 5, wherein said means for 
- biasing is an inflatable bladder or a spring. 

8. The bed restraint of claim 5, wherein said Distribu- 
tion means is a plurality of balls positioned between 
said bladder and said porous barrier. 

9. A method for restraining a particulate bed of an 
adsorber apparatus having a chamber defined by a 
peripheral wall and feed and distal end walls, the 
peripheral wall defining a cross -section of said 
chamber, the chamber having an inlet end adjacent 
to said end walls and an outlet end adjacent to the 
other of said end walls, an axis extending from the 
inlet end to the outlet end, an inlet port in fluid com- 
munication with said inlet end for supplying a fluid 
mixture to said chamber, an outlet port in fluid com- 
munication with said outlet end for evacuating a 
separated gas out of said chamber, a particulate 
bed filling a substantial portion of the chamber 
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between said inlet end and said outlet end, a sur- 
face of said particulate bed corresponding dimen- 
sionally to said cross-section and facing said outlet 
end, said surface formed of a plurality of individual 
particles each having a minimum dimension, the 5 
method comprising: 

covering said surface with a porous barrier, 
said barrier movable with said surface along 
said axis, said barrier adapted to restrain said to 
individual particles from entering said outlet 
end and adapted to permit the separated gas 
product to enter said outlet end; 
biasing said porous barrier toward said particu- 
late such that said particulate is restrained from 15 
fluid'ization; 

positioning distribution means between said 
porous barrier and said outlet port, said distri- 
bution means adapted to permit the separated 
gas to flow from the porous means to the outlet 20 
port. 

. The method of claim 9 further including: 

positioning a plurality of balls between said 25 
porous barrier and said outlet end such that the 
separated gas can flow from the porous barrier 
to the outlet port through voids between the 
balls; 

positioning a bladder between said outlet end 30 
and said plurality of balls; and 
inflating said bladder to bias said barrier toward 
said surface. 

35 
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